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1. 09 This is a FIRST submission of items concerning a filing under 35 U.S.C. §371. 

2- U This is a SECOND or SUBSEQUENT submission of items concerning a filing 
under 35 U.S.C. §371. 

3. &| This is an express request to begin national examination procedures (35 U.S.C. 

§371[f]) at any time rather than delay. 

4. K| A proper Demand for International Preliminary Examination (IPE) was made to 

the appropriate Authority (IPEA) by the 19th month from the earliest claimed 
priority date. 

5. [J A copy of the International Application as filed (35 U.S.C. §371[c][2]) 

a. [J l $ transmitted herewith (required when not transmitted by International 

f ® ur ? u ^ * • ■ i_ t • , r> Se ^ WIPO Publication 

b. U has been transmitted by the International Bureau. wo 97 /04103 . 

c. U is not required, as the application was filed in the United States Receiving 

Office (RO/US). 

6. gfi A (verified) translation of the International Application into the English language 

is enclosed. 

7. (J Amendments to the (specification and) claims of the International Application 

under PCT Article 19 (35 U.S.C. 371[c][3]) 

a. [J are transmitted herewith (required if not transmitted by the International 
Bureau). 

b. U have been transmitted by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments 

has NOT expired. 

d. □ have not been made and will not be made. 

e. U will be submitted with the appropriate surcharge. 

8. [J A translation of the amendments to the claims (and/or the specification) under 

PCT Article 19 (35 U.S.C. §371[c][3]) is enclosed or will be submitted with the 
appropriate surcharge. 
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9. [x] An oath or declaration/power of attorney of the inventor(s) (35 U.S.C. 
§371[c][4]) will follow . 

[ ] and is attached to the translation of (or a copy of) the International 

Application. 
[ ] and is attached to the substitute specification. 



10. A translation of at least the Annexes to the IPE Report under PCT Article 36 (35 
U.S.C. §371[c][5]) will follow . 

Items 11. to 16. below concern other document^) or information included: 

11. [ 1 An Information Disclosure Statement under 37 CFR 1.97 and 1.98 is enclosed. 

12. M An Assignment will folfofc r recording. A separate cover sheet in compliance 

with 37 CFR 3.X8 and 3.31 will follow . 

13. [x] A FIRST preliminary amendment is enclosed. 

A SECOND or SUBSEQUENT preliminary amendment is enclosed. 

14. [ ] A substitute specification (including claims, abstract, drawing) is enclosed. 

15. [ ] A change of power of attorney and/or address letter is enclosed. 

16. fx] Other items of information: 

fed This application is being filed pursuant to 37 CFR 1.494(c) or 
1 .495(c), and any missing parts will be filed before expiration of- 

jj 22 months from the priority date under 37 CFR 
1.494(c), or 

[x] 32 months from the priority date under 37 CFR 
1.495(c). 

The undersigned attorney is authorized by the International applicant and 
by the inventors to enter the National Phase pursuant to 37 CFR 1 .494(c) 
or 1.495(c). 

The following additional information relates to the International Application: 



3 



International Application No. PCT/FR96/01125 



RP/PCT 



M Receiving Office: France 

D3 IPEA (if filing under 37 CFR 1.495): EPO 

DQ Priority Claim(s) (35 USC §§ 1 19, 365): 

French Appln. 95/08979 filed July 19, 1995. 
C9 A copy of the International Search Report is 

U enclosed. 

Dd attached to the copy of the English Translation of the 
International Application. 



U A copy of the Receiving Office Request Form is enclosed. 



The fe« calculation is set forth on the next page of this Transmittal Utter. 
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FEE CALCULATION SHEET 

Cfi A check in payment of the filing fee, calculated as follows, is attached (37 CFR 
1.492). 

Basic Fee $ 930.00 

Total Number of claims in 

excess of (20) times $22 

Number of independent claims 

in excess of (3) times $82 -0- 

Fee for multiple dependent 

claims $270 -0- 

TOTAL FILING FEE. . . $^ 93^00 
Kindly send us the official filing receipt. 

The Commissioner is hereby authorized to charge any additional fees which may 
be required or to credit any overpayment to Deposit Account No. 03-2775. This is a 
"general authorization" under 37 CFR 1.25(b), except that no automatic debit of the issue 
upon allowance is authorized. An additional copy of this page is attached. 

Respectfully submitted, 
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WIPO NOTICE (PCT/IB/332) 
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IN THE UNITED 8TATE8 PATENT AND TRADEMARK OFFICE 



MICHEL LEBRUN ET AL : 

SERIAL NO: i ART UNIT: 

FILED: : EXAMINER: 

FOR: "MUTATED 5-ENOL t 
PYRUVYLSHI K IMATE- 3 - PHOSPHATE SYNTHASE, 
GENE CODING FOR SAID PROTEIN AND s 
TRANSFORMED PLANTS CONTAINING SAID 
GENE" : 

Hon. Commissioner of Patents 

k Trademarks 
Washington, D.C. 20231 

"Express Mail" No.: EI841020925 Date: OCTOBER 14, 1997 

I hereby certify that this paper or fee is being 
deposited with the United States Postal Service "Express Mail 
Post Office to Addressee" service under 37 CFR 1.10 on the 
date indicated above and is addressed to the Commissioner of 
Patents and Trademarks, Washington, D.C. 20231 _ 

- ANN F. GRIFFITH - /^^'~"7 , ... . 

(Typed or printed name) of (Signature fiff/person 

person mailing paper or fee) mailing paper or fee) 

PRELIMINARY AMENDMENT 

Sir: 

Prior to any action on the merits of the accompanying 
new patent application, kindly amend the application as 
follows : 
In the Claims ; 

Claim 5, lines 1 and 2, change "one of claims 1 to 4" 
to read -- claim 1 -- ; 
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Claim 7, lines 1 and 2, change "one of claims 1 to 4" 
to read claim 1 -- ; 

Claim 10, line 6, change "one of claims 1 to 8 U to read 
claim 1 ; 

Claim 13, line 3, change "one of claims 10 to 12" to 
read -- claim 10 -- ; 

Claim 14, lines 2 and 3, change "one of claims 10 to 12 n 
to read claim 10 -- ; 

Claim 16, line 5, change "one of claims 1 to 8" to read 

claim 1 

REMARKS 

Claims 5, 7, 10, 13, 14 and 16 have been amended to refer 
to only one preceding claim. Each of the dependent claims, as 
amended, now depends on only one preceding claim. Therefore 
no additional fee is required for multiple dependency. 

Prompt, favorable action is solicited. 

Respectfully submitted , 

connollyAnd hut2 




Robert G\!~ Mc 
P.O. Box 2207 
Wilmington, Delaware 19899 
(302) 658-9141 * 
Attorney for Applicants 
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Mutated 5 -enolpYruvylsli ikimate- 3 -phosphate synth ase, 

■ — ■■ ■ ■ ■■ — — .> 

gene coding for thiii protein and transfor med plants 
containing this gene 

The prevent invention relates to a new 
5 5 -enolpyruvylshikimate- 3 -phosphate synthase (or EPSPS) 
which displays increased tolerance with respsct to 
herbicides which are competitive inhibitors with 
respect to phosphoenolpyruvate (PEP) of EPSPS activity. 
This more tolerant EPSP synthase possesses at least one 

10 "threonine by isoleucine" substitution. The invention 
also relates to a gene coding for such a protein, to 
plant cells transformed by chimeric gene constructions 
containing this gene, to the plants regenerated from 
these cells and also to the plants originating from 

15 crossing using these transformed plants* 

Glyphosate, Bulfosate and fosametino are 
broad- spectrum systemic herbicides of the 
phosphonomethylglycine family. They aot essentially as 
competitive inhibitors of 5- enolpyruvylshikimate- 3- 

20 phosphate synthase (EC 2.5.1.19) or EPSPS with respect 
to the PEP (phosphoenolpyruvate) . After their 
application to the plant, they are translocated in the 
plant where they accumulate in the rapidly growing 
parts , in particular the cauline and root apices, 

25 caueing damage to the point of destruction of sensitive 
plants. 

Plastid EPSPS, the main target of these 



product*, is an en2yme of the pathway of biosynthesis 
of aromatic amino acids, which is encoded by one or 
more nuclear genes and synthesized in the form of a 
cytoplasmic precursor r then imported into the plastids 
where it accumulates in its mature form. 

The tolerance of plants to glyphosate and to 
products of the family is obtained by stable 
introduction into their genome of an EPSPS gene, of 
plant or bacterial origin, which is mutated or 
otherwise in respect of the characteristics of 
inhibition by glyphosate of the product of this gene. 
In view of the mode of action of glyphosate and the 
degree of tolerance to glyphosate of the product of the 
genes which are used, it is advantageous to be able to 
express the product of the translation of this gene so 
as enable it to be accumulated in substantial amounts 
in the plastids. 

It is known, for example from US Patent 
4,535,050, to confer on a plant a tolerance to a 
herbicide of the above type, especially N-phoaphono- 
aethylglycine or glyphosate, by introducing into the 
genome of plants a gene coding for an EPSPS carrying at 
least one mutation that makes this enzyme more 
resistant to its competitive inhibitor (glyphosate) 
after localization of the enzyme in the plastid 
compartment. These techniques, however, need to be 
improved in order to obtain greater reliability in the 
use of these plants under agricultural conditions. 
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In the present description, "plant" is 
understood to mean any differentiated multicellular 
organism capable of photosynthesis, and "plant cell" is 
understood to mean any cell originating from a plant 
5 and capable of constituting undifferentiated tissues 
such as calluses or differentiated tissues such as 
embryos or plant parts or Beeds. 

The subject of the present invention is the 
production of transformed plants having increased 

10 tolerance to herbicides of the phosphonoaethylglycine 
family, by regeneration of cells transformed by means 
of new chimeric genes containing a gene for tolerance 
to these herbicides* 

The subject of the invention is also a 

15 chimeric gene for conferring on plants increased 

tolerance with respect to a herbicide having EPSPS as 
its target, comprising, in the direction of 
transcription: a promoter region, optionally a transit 
peptide region, a sequence of a gene coding for a 

20 glyphosate tolerance enzyme and an untranslated 
polyadenylation signal region at the 3' end, 
characterized in that the glyphosate tolerance gene 
contains , relative to the gene from which it is 
derived* a "threonine 102 by isoleucine" substitution 

25 in the "aroAM EPSPS) region* Preferably, it comprises, 
in addition, in the same region, a "proline 106 by 
serine 11 substitution. These substitutions can be 
introduced or be present in an EPSPS sequence of any 



origin, in particular of plant, bacterial, algal or 
fungal origin. 

The transit peptides which can ba used in the 
tranait peptide region can be, known par se, of plant 
origin, for example originating from maize, sunf lower, 
pea, tobacco or the like. The first and the second 
tranait peptide can be identical, similar or different. 
They can, in addition, each comprise one or mora 
tranait peptide units according to European Patent 
Application EP 0 508 909. It is the role of this 
characteristic region to permit the release of a mature 
and native protein, and especially the above mutated 
EPSPS, with maximum efficacy in the plasmid 
compartment • 

The promoter region of the chimeric gene 
according to the invention may be advantageously 
composed of at least one gens promoter or promoter 
fragment which is expressed naturally in plants 
{tubulin, introns, aetin, his tone) . 

The untranslated transcription termination 
signal region at the 3' end of the chimeric gene may be 
of any origin, for example of bacterial origin, such as 
that of the nopaline synthase gene, or of plant origin, 
such as that of the ArmbidopMia thilimnm histone H4A748 
gene according to the European Patent Application 
(Europsan Application 632 317) . 

The chimeric gene according to the invention 
can comprise, in addition to the essential portions 



above, at least one untranslated intermediate (linker) 
region, which can be located between the different 
transcribed regions described above. This intermediate 
region can be of any origin, for example of bacterial, 
viral or plant origin. 

Isolation of a cDENA coding for a maixe BPSPS: 
The different steps which led to the 
obtaining of maize BPSPS cDNA, which served as 
substrate for the introduction of the two mutations, 
are described below. All the operations described below 
are given by way of example, and correspond to a choice 
made from among the different methods available for 
arriving at the same result. This choice has no effect 
on the quality of the result, and consequently any 
suitable method may be used by a person skilled in the 
art to arrive at the same result* Most of the methods 
of engineering of DNA fragments are described in 
n Current Protocols in Molecular Biology* Volumes 1 and 
2, Ausubel F.M. et al,, published by Greene Publishing 
Associates and Wiley-Interseience (1989) (hereinafter, 
references to protocols describsd in this work will be 
designated "ref. CPMB") . The operations relating to DNA 
which were performed according to the protocols 
described in this work are especially the following: 
ligation of DNA fragments, treatment with Klenow DNA 
polymerase and T4 DNA polymerase, preparation of 
plaamid and of bacteriophage X DNA, either as a 
minipreparation or as a maxiprepara t ion , and DNA and 



RNA analyses according to the Southern and Northern 
techniques, respectively . Other methods described in 
this work were followed, and only significant 
modifications or additions to these protocols have been 
described below. 

SfiUBBlfi-ll 

1* Obtaining of an Axmbldopslm thmliana EPSPS 

fragment 

a) Two 20-mer oligonucleotides of respective 

sequences : 

5 ' -OCTCTGCTCATCTCTOCTCC- 3 ' 
5' -(3CCCGCCCTTGACAAAOAAA-3' 
were synthesized from the sequence of an Axabldopais 
thai inn* KFSPS gene (Klee H.J* et al. (1987) Uol. Gen. 
Oenet., 210, 437-442). These two oligonucleotides are 
at positions 1523 to 1543 and 1737 to 1717, 
respectively, of the published sequence, and in 
opposite orientations * 

b) Azabidopsis thai i ana (var. Columbia) total 
DNA was obtained from Clontech (catalogue reference: 
6970-1) ♦ 

c) 50 nanograms (ng) of DNA are mixed with 
300 ng of each of the oligonucleotides and subjected to 
35 amplification cycles with a Perkin-Elmer 9600 
apparatus, under the conditions of standard medium for 
amplification which are recommended by the supplier. 
The resulting 204-bp fragment constitutes the 



ArabidopsiB thelites EPSPS fragment* 

2. Construction of a library of a cDNA from a 
BUS maise cell line 

a) 5 g of filtered cells are ground in liquid 
aitrogen P and the total nucleic acids are extracted 
according to the method described by Shure et al. with 
the following modifications t 

the pH of the lysis buffer is adjusted 
to pH 9,0; 

after precipitation with isopropanol, 
the pellet is taken up in water and, 
after dissolution, adjusted to 2,5 H 
LiCl. After incubation for 12 h at 'C, 
the pellet from centrifugation for 15 
min at 30,000 g at 4*C is 
reaolubilised. The LiCl precipitation 
step is then repeated. The reeolubiliaed 
pellet constitutes the RNA fraction of 
the total nucleic acids. 

b) The poly (A) + RHA fraction of the RNA 
fraction is obtained by chromatography on an oligo(dT)- 
cellulose column as described in * Current Protocols in 
Molecular Biology" . 

c) Synthesis of double- stranded cDNA having a 
synthetic EcoRI end: this is carried out according to 
the protocol of the supplier of the different reagents 
needed for this synthesis in the form of a kit: the 
"copy kit" from the company In Vitrogen. 
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Two single -stranded and partially 
complementary oligonucleotide of respective sequences* 

S ' -AATTCCCGGG-3 ' 

S'-CCCG0G-3' (th« latter boing 
phosphorylatad) 

are ligated with the blunt-ended double- stranded oDKAa. 

This ligation of the adaptors results in the 
creation of Smal sites attached to the double -stranded 
cDNXo and EcoRI sites in cohesive form at each end of 
the double- stranded cDNAs, 

d) Creation of the library i 

The cSNAs possessing the artificial cohesive 
EcoRI sites at their ends are ligated with 
bacteriophage XgtlO cDNA which has been cut with EcoRI 
and dephosphorylated according to the protocol of the 
supplier New England Biolahs. 

An aliquot of the ligation reaction was 
encapsidated in vitro with encapsidation extracts, 
namely Gigapaok Gold, according to the supplier's 
instructions; this library was titrated using the 
bacterium E. coli CSOOhfl. The library thereby obtained 
is amplified and storad according to the instructions 
of the same supplier, and constitutes the EMS maize 
cell suspension eDNA library ♦ 

3. Screening of the EMS mail* cell suspension 
oBHX library with the Asrmhidopm±& thalioaa KP3F probe 

The protocol followed is that of "Current 
Protocols in Molecular Biology" Volumes 1 and 2, 



Ausubel F.M. mt ml., published by Greene Publishing 
Associates and Wiley- Interscience (1989) (CPMB) . 
Briefly, approximately 10 5 recombinant phages are 
plated out on LB dishes at an average density of 100 
phages/em a . The lytic plaques are replicated in 
duplicate on Amersham Hybond N membranes. 

The DNA was fixed to the filters by 1600kJ TJV 
treatment (Stratagene Stratalinker) . The filters were 
prehybridised in 6xSSC/0 .l%SDS/0.25 skimmed milk for 
2 h at 65 »C. The Arabidopgia thill Ana SPSPS probe was 
labelled with [ 32 P] dCTP by random priming according to 
the supplier's instructions (Pharmacia Ready te do 
kit) . The specific activity obtained is of the order of 
10 cpm per fig of fragment. After denaturation for 5 
mln at 100°C, the probe is added to the 
prehybridization medium and hybridisation is continued 
for 14 hours at 55 - C. The filtera are f luorographed for 
48 h at -80°C with Kodak XAR5 film and Amersham 
ftyperscreen KFM e nh a n cing screens ♦ Alignment of the 
positive spots on the filter with the dishes from which 
they originate enables zones corresponding to the 
phages displaying a positive hybridization response 
with the Armbidoptis thaliana ZPSPS probe to be picked 
out from the dish. This step of plating out, transfer, 
hybridization and recovery is repeated until all the 
spots in the dish of the successively purified phages 
prove 100% positive in hybridization. An independent 
plague of phage lysis is then picked out in diluent X 
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medium (Trie-Cl pH 7.5; lOmM MgS0 4 ; O.lMNaCl; 0.1% 
gelatin) ; these phage* in solution constitute the epsp- 
poeitive clones of the BMS maize cell suspension. 

4. Preparation and analysis of the DNA o£ the 
EPSP clones of the BUS aaixe cell suspension 

Approximately 5x10* phages are added to 20 ml 
of CSOOhfl bacteria at an 0D S00oia value of 2/ml and 
incubated for 15 minutes at 37 °C. This suspension is 
then diluted in 200 ml of bacterial growth medium in a 
1-1 Erlenmeyer and stirred in a rotary stirrer at 
250 rpm. Lysis is noted when the medium clarifies, 
corresponding to the lysis of the turbid bacteria, and 
takes place after approximately 4 h of stirring . This 
supernatant is then treated as described in "Current 
Protocols in Moleeular Biology- . The DNA obtained 
corresponds to the EPSP clones of the BMS maize cell 
suspension. 

One to two of this DNA are cut with EcoRI 
and separated on 0.8% LOTA/TBE agarose gel (ref. CPMB) . 
A final verification consists in checking that the 
purified DNA does indeed display a hybridization signal 
with the Arabldopsia thaliana EPSPS probe* After 
electrophoresis/ the DNA fragments are transferred onto 
Amersham Hybond N membranes according to the protocol 
of Southern described in "Current Protocols in 
Molecular Biology". The filter is hybridized with the 
ArabidopslB fchaliana EPSPS probe according to the 
conditions described in section 3 above. The clone 
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displaying a hybridization signal with the Araiidopsas 
th&liana EPSPS probe and aoataining the longest EcoRI 
fragment has a size estimated on gel as approximately 
1.7 kbp. 

5. Obtaining of the clone pRPA-ML-711 
Ten M9 of the phage clone containing the 
1.7 -kbp insert are digested with EcoRI and separated on 
0.8% LOTA/TBS agarose gel (ref. CPMB) . The gel fragment 
containing the 1.7-kbp insert is excised from the gel 
by BST staining, and the fragment is treated with 
0-agarase according to the protocol of the supplier, 
Mew England Biolabs. The purified DNA of the 1.7-kbp 
fragment is ligated at 12 # C for 14 h with the DNA of 
plasxnid pUC 19 (New England Biolabs) cut with EcoRI 
according to the ligation protocol described in 
"Current Protocols in Molecular Biology" . Two /xl o£ the 
above ligation mixture are used for the transformation 
of an aliquot of electrocompetent E. coli DHIOBj 
transformation is accomplished by electroporation using 
the following conditions: the mixture of competent 
bacteria and ligation medium is introduced into an 
electroporation cell of thickness 0.2 cm (Biorad) 
previously cooled to 0°C. The physical conditions of 
the electroporation using an electroporator made by 
Biorad are 2500 volts , 25 mF and 200 Under these 
conditions, the mean discharge time of the condenser is 
of the order of 4.2 milliseconds. The bacteria are then 
taken up in 1 ml of SOC medium (ref. CPMB) and stirred 



for 1 hour at 200 rpm on a rotary stirrer in 15 -nil 
Corning tubes* After plating out on LB/agar medium 
supplemented with 100 fig/al of carbenicillin, minipre- 
parations of the bacterial clone* which have grown 
5 after one night at 37 °C are produced according to the 
protocol described in "Current Protocols in Molecular 
Biology" . After digestion of the DNA with KcoRI and 
separation by electrophoresis on 0.8% LGTA/TBS agarose 
gel (ref. CPKB) , the clones possessing a 1.7-kbp insert 

10 are retained. A final verification consists in checking 
that the purified DNA does indeed display a 
hybridization signal with the Araiidopeis thmliana 
ZP8PS probe. After electrophoresis, the DNA fragments 
are transferred onto Ameraham Hybond N membranes 

15 according to the protocol of Southern described in 

"Current Protocols in Molecular Biology". The filter is 
hybridized with the AraJbidopsis thai i ana EPSPS probe 
according to the conditions described in section 3 
above. The plasmid clone possessing a 1.7-kbp insert 

20 and hybridizing with the Axmbidopaia thai 1 ana EPSPS 
probe was prepared on a larger scale, and the DMA 
resulting from the lysis of the bacteria was purified 
on a CsCl gradient as described in "Current Protocols 
in Molecular Biology" . The purified DMA was partially 

25 sequenced with a Pharmacia kit according to the 

supplier's instructions and using as primers the M13 
direct and reverse universal primers ordered from the 
same supplier. The partial sequence produced covers 
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approximately 0.5 kbp. The darivad amino acid sequence 
in the region of the mature protein (approximately 50 
amino acid residues) displays 100% identity with the 
corresponding amino sequence of mature maize EPSFS 
described in American Patent USP 4,971,908* This clone, 
corresponding to a 1.7-khp EcoRI fragment of the EPSP 
DNA of the BMS maize cell suspension , was designated 
pKFA-KL-711. The complete sequence of this clone was 
determined on both strands using the protocol of the 
Pharmacia kit and synthesizing complementary 
oligonucleotides and those of the opposite orientation 
every 250 bp approximately. The complete sequence 
obtained of this 1713 -bp clone is presented in SIQ ID 
No. 1. 

6. Obtaining of the clone pKPA-XL-715 
Analysis of the sequence of the clone pRPA- 
ML-711, and especially comparison of the derived amino 
acid sequence with that of maize, shows a sequence 
extension of 92 bp upstream of the GCG codon coding for 
the NH 2 - terminal alanine of the mature portion of maize 
EPSPfi (American Patent USP 4,971,908). Similarly, an 
extension of 288 bp downstream of the AAT codon coding 
for the COOH- terminal asparagina of the mature portion 
of maize EPSPS (American Patent USP 4,971,908) is 
observed. These two portions could correspond, in the 
case of the NHj- terminal extension to a portion of the 
sequence of a transit peptide for plastid localization, 
and, in the case of the COOH- terminal extension, to the 
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untranslated 3' region of the cDNA. 

In order to obtain a cDNA coding for the 
mature portion of the maize EPSPS cDNA, as described in 
USP 4,971,908, the following operations were carried 
5 out: 

a) Renewal of the untranslated 3' region: 
cone traction o£ pRFA-ML-712 : 

The clone pRPA-ML-711 was cut with the 
restriction enzyme Asel, and the ends resulting from 

10 this cleavage were rendered blunt by treatment with the 
Klanow fragment of DMA polymerase I according to the 
protocol described in CFMB. A cleavage with the 
restriction enzyme SacII was then performed* The DNA 
resulting from these operations was separated by 

15 electrophoresis on 1% LGTA/TBI agarose gel <ref . CPKB) ♦ 
The gel fragment containing the 0.4-khp 
"Asel-blunt ends/SacII" insert was excised from the gel 
and purified according to the protocol described in 
section 5 above. The DMA of the clone pRFA-ML-711 was 

20 cut with the restriction enzyme Hindi I I at the Hindi I I 
site located in the poly linker of the cloning vector 
pUC19, and the ends resulting from this cleavage were 
rendered blunt by treatment with the Klenow fragment of 
DNA polymerase I* A cleavage with the restriction 

25 enzyme SacII was then performed. The DNA resulting from 
these manipulations was separated by electrophoresis on 
0.7% LOTA/ T8X agarose gel (ref. CPKB) . 

The gel fragment containing the approximately 
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3.7-kbp Hindlll -blunt ends/SacII ineert was excised 
from the gel and purified according to the protocol 
described in section 5 above. 

The two inserts were ligated, and 2 pi of the 
ligation mixture were used to transform E. coli DH10B 
as described above in section 5. 

The plasmid DNA content of different clones 
was analysed according to the procedure described for 
pRPA-ML-711. One of the plasmid clones selected 
contains an approximately 1.45-kbp BcoRI-Hindlll 
insert • The sequence of the terminal ends of this clone 
reveals that the 5' end of the insert corresponds 
exactly to the corresponding end of pRPA-ML-711, and 
that the 3' -terminal end possesses the following 
sequence * 

H 5 ' - . . •A&ZTAAGCTCTAGA6TCGACCTGCAQ0CATGCAA6CTT-3 f " . 

The underlined sequence corresponds to the 
codon of the C0OH- terminal amino acid asparagina, the 
next codon corresponding to the translation stop codon. 
The nucleotides downstream correspond to sequence 
elements of the pT7C19 polylinker. This clone comprising 
the pRFA-ML-711 sequence up to the translation 
termination site of mature maize EPSFS and followed by 
sequences of the pUC 19 polylinker up to the Hindi I I 
site was designated pRPA-ML-712. 

b) Modification of the 5' end of pRFA-KL-712 : 
construction of pRPA-ML-715: 

The clone pRPA-ML-712 was cut with the 
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restriction enzymes Pfltl and Hindu I. The DNA resulting 
from these manipulations w«s separated by 
electrophoresis on 0.8% LOTA/TBE agarose gel (ref . 
CPMB) , The gel fragment containing the 1.3 -top Pstl- 
5 EcoRI insert was excised from the gel and purified 

according to the protocol described in section 5 above. 
This insert was ligated in the presence of an 
equimolecular amount o£ each of the two partially 
complementary oligonucleotides of sequence: 
10 Oligo 1: 5'-(3U^CGUWK7TCCATG^ 

Oligo 2 i 5 ' -OCACQATCTCCTCG6COCCGGCCJITO<IAQCTCOOCTC- 3 ' 
as well as in the presence of pi a amid pUC19 DNA 
digested with the restriction enzymes BamHI and 
Hindi IX. 

15 Two /il of the ligation mixture were used to 

transform B. coll DH10B as described above in section 
5 * After analysis of the plaamid DMA content of 
different clones according to the procedure described 
above in section 5, one of the clones possessing an 

2 0 approximately 1.3 -top insert was retained for 

subsequent analyses. The sequence of the 5' -terminal 
end of the selected clone reveals that the DMA sequence 
in this region is the following: sequence of the pUC19 
polylinker from the EcoRI to the BamHI sites, followed 

25 by the sequence of the oligonucleotides used in the 
cloning, followed by the remainder of the sequence 
present in pRPA-ML-712. This clone was designated pRFA- 
ML-713 . This clone possesses a methionine ATO codon 
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included in an Ncol site upstream of the N- terminal 
alanine codon of mature EPSP synthase. Furthermore* the 
alanine and glycine codons of the N- terminal end have 
been preserved, but modified on the third variable 
5 baae: initial 6CG0GT gives modified GCCGGC. 

The clone pRPA-HL-713 was out with the 
restriction enzyme Hindlll, and the ends of this 
cleavage were rendered blunt by treatment with the 
Klenow fragment of DBA polymerase I. A cleavage with 

10 restriction enzyme SacI was then performed. The DNA 
resulting from these manipulations was separated by 
electrophoresis on 0.8% LOTA/TBE agarose gel (ref. 
CPMB) * The gel fragment containing the 1.3-kbp 
"Hindi II -blunt ends/ SacI" insert was excised from the 

15 gel and purified according to the protocol described in 
section 5 above. This insert was ligated in the 
presence of plasmid pUC19 DMA digested with restriction 
enzyme Xbal, and the ends of this cleavage were 
rendered blunt by treatment with the Klenow fragment of 

20 DKA polymerase X* A cleavage with the restriction 

enzyme SacI was then performed. Two fil of the ligation 
mixture were used to transform E. coli DH10B as 
described above in section 5. After analysis of the 
plasmid DNA content of different clones according to 

25 the procedure described above in section 5, one of the 
clones possessing an approximately 1.3-kbp insert was 
retained for subsequent analyses. The sequence of the 
terminal ends of the selected clone reveals that the 
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DNA sequence is the following: sequence of the pUC19 
poly linker from the EcoRI to SacI sites , followed by 
the sequence of the oligonucleotides used in the 
cloning from which the 4 bp GATCC of the 
5 oligonucleotide 1 described above have been deleted, 
followed by the remainder of the sequence present in 
pRFA-HL-712 up to the Hindi I I site and sequence of the 
pUC19 polylinker from Xbal to Hindlll. This clone was 
designated pEPA-KL-715 ♦ 

10 7* Obtaining of a cDNA coding for a mutated 

naiie HEPSFS 

All the mutagenesis steps were carried out 
with the Pharmacia U.S.B. mutagenesis kit according to 
the supplier's instructions. The principle of this 

15 mutagenesis system is as follows; plasmid DNA is 

denatured by heat and reassociated in the presence of a 
molar excess of, on the one hand the mutagenesis oligo- 
nucleotide, and on the other hand an oligonucleotide 
enabling a unique restriction enzyme site present in 

20 the polylinker to be eliminated. After the 

reassociation step/ synthesis of the complementary 
strand is carried out by the action of T4 DNA 
polymerase in the presence of T4 DMA ligase and gene 32 
protein in a suitable buffer which is supplied. The 

25 synthesis product is incubated in the presence of the 
restriction enzyme for which the site is assumed to 
have disappeared by mutagenesis* The E, coll strain 
possessing , in particular , the xnutS mutation is used as 
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host for the transformation of this DKA. After growth 
in liquid medium, the total plasmid DKA is prepared and 
incubated in the presence of the restriction enzyme 
used before* After these treatments, E. coli strain 
DH10B is used as host for the transformation . The 
plasmid DKA of the clones isolated is prepared, and the 
presence of the mutation introduced is verified by 
sequencing, 

A}- modification of sites or sequences 
without in principle affecting the EPSPS-resistance 
character of maize to products which are competitive 
inhibitors of IPSP synthase activity: elimination of an 
internal Ncol site from pRPA-ML-715 . 

The pRPA-ML-715 sequence is numbered 
arbitrarily by placing the first base of the N- terminal 
alanine codon GCC at position 1. This sequence 
possesses an Ncol site at position 1217, The site- 
modification oligonucleotide possesses the sequence) 

5' -CCACAGGATGGCGATGGCCTTCTCC - 3 ' . 

After sequencing according to the references 
given above, the sequence read after mutagenesis corre- 
sponds to that of the oligonucleotide used. The Ncol 
site has indeed been eliminated , and the translation 
into amino acids in this region preserves the initial 
sequence present in pRPA-ML-715- 

This clone was designated pRPA-ML-716. 

The 1340-bp sequence of this clone is 
presented in SBQ ID No. 2 and SSQ ID No. 3. 
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B)- sequence modifications enabling the 
SPSPS- resistance character of maise to products which 
are competitive inhibitor* of EPSP synthase activity to 
be increased* 

5 The following oligonucleotides were used* 

a) mutation Thr 102 <•» lie. 

5 ' * aAATOCTGOAATCGCAJLTOCOOCCATTGACAGC - 3 ' 

b) mutation Pro 106 -» Ser. 

5 ' - aAATOCTGGAACTGCAATGCGGTCCTTOACAGC - 3 ' 

10 o) mutations Gly 101 * Ala and Thr 102 -* lie. 

5' -CTTGGCvGAATGCTGCCATCOCAATGCGGCCATTG-3 ' 

d) mutations Thr 102 <♦ He and Pro 106 -> Ser. 

5 ' - GGGGAATGCTGGAATCOCAATGCGGTCCTTGACAGC - 3 ' 

After sequencing, the sequence read after 
15 mutagenesis on the three mutated fragments is identical 
to the parent pRPA-ML-716 DNA sequence, with the 
exception of the mutaganized region which corresponds 
to that of the mutagenesis oligonucleotides used. These 
clones were designated: pRPA-ML-717 for the mutation 
20 Thr 102 -+ lie, pRPA-ML-718 for the mutation Pro 106 -» 
Ser, pRPA-ML-719 for the mutations Gly 101 Ala and 
Thr 102 -» He and pRPA-ML-720 for the mutations Thr 102 
-* He and Pro 106 -» Ser. 

The 13 40 -bp sequence of pRPA-ML-720 is 
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presented in SKQ ZD No. 4 and SEQ ID No. 5. 

The 13 95 -bp Neol-Hiadlll insert is the basis 
of all the constructions used for the transformation of 
plants for the introduction of resistance to herbicides 
5 which are competitive inhibitors of EFSFS, and especi- 
ally glyphosate resistance* This insert will be 
designated in the remainder of the description "the 
maize EPSPS double mutant" . 

10 Glyphosate tolerance of the different mutants 

in vitro 

2 .at Extraction of SPSP synthase 
The different EPSP synthase genes are 

introduced in the form of an Ncol -Hindi II cassette into 
15 the plasmid vector pTro99a (Pharmacia, ref : 27*5007-01) 
cut with Ncol and HindXXX. Recombinant E. coll DH10B 
bacteria overexpressing the different SPSP synthases 
are sonicated in 40 ml of buffer per 10 g of pelleted 
cells, and washed with this same buffer (200 mM Tria- 
20 KCl pH 7.8, 50 mM mercaptoethanol, 5 mM EDTA and 1 mM 
PMSF) , to which 1 g of polyvinylpyrrolidone is added* 
The suspension is stirred for 15 minutes at 4°C and 
then centrifuged for 20 minutes at 27/000 g and 4°C. 

Ammonium sulphate is added to the supernatant 
25 to bring the solution to 40% saturation with respect to 
ammonium sulphate. The mixture is centrifuged for 
20 minutes at 27,000 g and 4*C. Ammonium sulphate 1b 
added to the new supernatant to bring the solution to 



22 

70% saturation with respect to ammonium sulphate. The 
mixture is centrifuged for 30 minutes at 27,000 g and 
4°C. The EPSP synthase present in this protein pellet 
iB taken up in 1 ml of buffer (20 mM Tris-HCl pH 7.8 
and 50 mM mercaptoethanol) ♦ This solution is dialyaed 
overnight against two litres of this same buffer at 

2.h: Enzyme activity 

The activity of each enzyme, as well as its 
glyphosate resistance, is measured in vitro over 
10 minutes at 37 6 C in the following reaction mixture: 
100 mM maleic acid pH 5.6, 1 mM phosphoenolpyruvate, 
3 mM ahikimate 3 -phosphate (prepared according to 
Kaowle* P.F. and Sprinson D.B. 1970. Methods in Enzymol 
17A, 351-352 from Aerohacter aerogene* strain ATCC 
25597) and 10 mM potassium fluoride. The enzyme extract 
is added at the last moment after the addition of 
glyphosate, the final concentration of which varies 
from 0 to 20 mM. 

The activity is measured by assaying the 
phosphate liberated according to the technique of 
Taueky H.A. and Shorr 5 • 1953. J. Biol. Cham. 202, 675- 
685. 

Under these conditions, the wild- type (WT) 
enzyme is already 85% inhibited at a glyphosate 
concentration of 0.12 mM. At this concentration, the 
mutant enzyme known as Serl05 is only 50% inhibited, 
and the other three mutants, Ilel02, Ilel02/Serl06 and 
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Alal01/Ilel02, show little or no inhibition, 

Th* glyphoeate concentration has to be 
multiplied by ten, that is to eay 1.2 mM, in order to 
produce a 50% inhibition of the mutant enzyme Xlel02, 
the mutants Ilel02/Serl06, Ala/Ile and Ala still not 
being inhibited. 

It should be noted that the activity of the 
mutants Ala/Ile and Ala is not inhibited up to 
glyphoeate concentrations of lOmM, and that that of the 
mutant Ilel02/Serl06 ia not reduced even if the 
glyphoeate concentration is multiplied by 2, that ia to 
eay 20 mM* 

IftTMPlg 3? 

Resistance of transformed tobacco plant* 
1-1- Transformation 

The vector pRPA-RD-173 ia introduced into 
AgroJbacterium tumefeciens strain EEA101 (Eood at al., 
1987) carrying the cosmid pTVK291 (Komari et al., 
1986) ♦ The transformation technique is based on the 
procedure of Horsh et al. (1985). 

1-2- Regeneration 

The regeneration of PBD6 tobacco (source 
SKXTA France) from leaf explants is carried out on a 
Murashige and Skoog (MS) basal medium comprising 3 0 g/1 
of sucrose as well as 200 ftg/ml of kanamycin. The leaf 
explants are removed from plants cultivated in the 
greenhouse or in vitro and are transformed according to 
the leaf disc technique (Science, 1985, Vol. 227, pp. 



1229-1231) in throe successive steps: the first 
comprises the induction of shoots on a medium 
supplemented with 30 g/1 of sucrose containing 
0.05 aig/1 of naph thy lace tic acid (NAA) and 2 mg/1 of 
5 benxylaminopurine (BAP) for 15 days* The shoots formed 
during this step are then developed for 10 days by 
culturing on an MS medium supplemented with 30 g/1 of 
sucrose but not containing any hormone . Shoots which 
have developed are then removed and cultured on an MS 

10 rooting medium having half the content of salts, 
vitamins and sugar and not containing any hormone* 
After approximately 15 days, the rooted shoots are 
transferred to soil. 

1-3- Glyphosate resistance 

15 Twenty transformed plants were regenerated 

and transferred to the greenhouse for the construction 
of pRPA-RD-173* These plants were treated in the 
greenhouse at the 5 -leaf stage with an aqueous 
suspension of Roundup corresponding to 0.8 kg of 

20 glyphosate active substance per hectare. 

The results correspond to the observation of 
phytotoxicity indices recorded 3 weeks after treatment, 
under these conditions, it is found that the plants 
transformed with the construction pRPA-RD-173 display 

25 very good tolerance, whereas the un trans formed control 
plants are completely destroyed. 

These results show clearly the improvement 
brought about by the use of a chimeric gene according 
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to the invention for the same gene coding for 
glyphosate tolerance. 

Transformation and selection of maize cells 

BM£ (Black Mexican Sweet) maize cells in an 
exponential growth phase are bombarded with the 
construction pRPA-RD-13 0 according to the principle and 
the protocol described by Klein et al. 1987 (Klein 
T.M., Wolf E.D. f WU R. and Sandford J.C. (1987): High 
velocity microprojectiles for delivering nucleic acids 
into living cells, NATURE Vol. 327 pp. 70-73). 

Two days after bombardment, the cells are 
transferred to the same medium containing 2 mN 
N- (phosphanomethyl) glycine . 

After 8 weeks of selection on this medium, 
calluses which develop are selected, then amplified and 
analysed by VCR, and reveal clearly the presence of the 
chimeric OTP -EPS PS gene. 

Cells not bombarded and grown on the same 
medium containing 2 mM N- (phosphonome thy 1) glycine are 
blocked by the herbicide and do not develop. 

The transformed plants according to the 
invention may be used as parents for obtaining lines 
and hybrids having the phenotypic character 
corresponding to the expression of the chimeric gene 
introduced. 



Description of the constructions of the 

plaemld* 

pRPA-RD-124t Addition of a "noe" 
polyadonylation signal to pRPA-ML-720 with creation of 
5 a cloning cassette containing the maize double mutant 
EPSPS gene (Thr 102 + lie and Pro 106 -+ Ser) . pRPA-ML- 
720 is digested with HindIZZ and treated with the 
Xlenow fragment of E. eoli DKA polymerase 1 to produce 
a blunt end. A second digestion is performed with Ncol, 

10 and the ZPSPS fragment is purified. The EPSPS gene is 
then ligated with purified pRPA-RD-12 (a cloning 
cassette containing the polyadenylation signal of 
nopaline synthase) to give pRPA-RD-124* To obtain the 
useful purified vector pRPA-RD-12, it was necessary for 

15 the latter to be digested beforehand with Sail, treated 
with Klenow DKA polymerase and then digested a second 
time with Ncol. 

pRPA-KD-125: Addition of an optiaixed transit 
peptide (OTP) to pRFA-RD-124 with creation of a cloning 

20 cassette containing the EPSPS gene targeted on the 
plasmids. pRPA-RD-7 (European Patent Application 
EP 652 286) is digested with SphI, treated with T4 DKA 
polymerase and then digested with Spel, and the OTP 
fragment is purified. ThiB OTP fragment is cloned into 

25 pRPA-RD-124 which has previously been digested with 

Ncol, treated with Klenow DNA polymerase to remove the 
protruding 3' portion and then digested with Spel > This 
clone is then sequenced in order to ensure correct 
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translational fuaion between the OTP and the EPSPS 
gene. pRPA-RD-125 is then obtained* 

pRPA-RD-130: Addition of the H3C4 maize 
histone promoter and of adhl intron 1 sequences of 
5 pRPA-RD-123 (Patent Application EP 507 698) to pRFA-RD- 
125 with creation of a cassette for expression in 
plants for the expression of the double mutant EPSPS 
gene in the tissues of monocotyledons* pRFA-RD-123 (a 
cassette containing the H3C4 maize histone promoter 

10 fused with the adhl intron 1) is digested with ISTcoI and 
Sad. The DNA fragment containing the promoter derived 
from pRPA-RD-123 is then purified and ligated with 
pRPA-RD-125 which has previously been digested with 
Ncol and Sac J* 

15 pRPA-RD-159; Addition of the K4A74B 

AraJbidoosis histone double promoter (Patent Application 
EP 507 698) to pRPA~RD-125 with creation of a cassette 
for expression in plants for the expression of the 
"OTP-double mutant ZPSFS gene" gene in the tissues of 

20 dicotyledons. pRPA-RD-132 (a cassette containing the 

H4A748 double promoter (Patent Application EP 507 698)) 
is digested with Ncol and Sac I. The purified promoter 
fragment is then cloned into pRPA-RD-125 which has been 
digested with Ecol and Sad. 

25 pRPA-RD-173: Addition of the "H4A748 

promoter-OTP-double mutant EPSPS gene" gene of pRPA-RD- 
159 to plasmid pRFA-BL*150A (European Patent 
Application 508 909) with creation of an Agrobecterium 
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turn* facians transformation vector. pRPA-RD-139 is 
digested with Hot! and treated with Klenow polymerase 
This fragment is then cloned into pRPA-BL-150A with 
Smal. 



GENERAL INFORMATION: 
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(i) APPLICANT: Letwua, Micbel 

ftijUynHj Alain 
FreyBsinet, George* 
DcOrysc, Eric 
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gene coding for thin protein and transformed plants containing this gene 
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(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 

(B) COMPUTER: 

(O OPERATING SYSTEM: 
(D) SOFTWARE: 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 
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(A) APPUCATION NUMBER: PCT/FR96A)I 125 

(B) FILING DATE: 18-JUL-1996 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Robert G. McMorrow, Jr. 

(viii) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (302) 658-9141 

(B) TELEFAX: (302) 658-5614 

12) xxroftxATXcw ro* «o id uotit 

11) ftQUtNCX CHAXACTCRXmCtt 

I A) LOUTH t 1713 b*«« f»ir» 
(81 TYPtt nuel«le *cld 
tCl STHAMOCDNCIt: doubl* 
ID) TOPOLOX3Y: llniir 

(ill HOUCUIX TYW: eONA 

Iv4) OftXGXKAL SOURCCt 

(Al OaOAMIWi Ut Biyi 

(11 BTRAZMl llicfc MtnleAn 8»*«t 

ID TIBfUC TYfft: Callua 

inn smdxats touted 

I A) LXMAJtYs lufcd* gtlO 
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(Xl! SCQUDJCC XtOIrtlONl UQ ID HOlll 

MTWWTTC ACttMOAAA CA0CTAWAC CAWTTACO AATTOGOQOC OXKIC909T9 60 

ATC099O90C OCCAOGOaOQ GO0OCGOTOC WCWTOC «KJGAGA?C QTOCTQCA9C 120 

OCATGAMGA GA7CTCCGOC AOCOTCAMC CAA0TOSCTT TOCAACQMA 190 

7GCTOCTACT 0Q00SOCCT0 TOOdAMOOA GAACA0TO9T TQATAACCTO CTOAACMm J40 

AOGATCTCCA CTACMGCTC GOOOCCTTOA OOAtfTCTTOO TCTCTCTOTC 0AA6090ACA 300 

AAOCTOOCAA AASAOCTOTA tf rn/ n OOC T Q7<MT(MAAA <Jl T OCC* m OAOCATOCTA 340 

AASAfiGAM37 OCA0CTCTTC 7TO006AAM CMOAACTOC AAT9G090CA TTOCAOCAO 420 

CWT7ACTOC TOCTOOTOCiA AATOCMCT? ACOtOCTTOA TtJOATTACCA A0AAKA6K 410 
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A/iACACCCAf vaiPSSAcrrrf; rrrTfrrcwAT TGAAt«Atxrr TrvnracAGAT 'rrrGATtGTT mo 

tctttviCac 'tm^tr^ay scrcrrcfTTO tcaatwoaat cow/wrA cctoctgcca *oo 

a«>;tsaa«ct rrrcrr^v/jrcv atga/tcvitc AnrAcrrcwG TffCCTTfJc*?'; ATWcrecrc *»*<o 

'rrrrrarcrr tc^vjaW/ gaciAttoaaa tcatmataa attaatctcc attccgtactj 7ro 

TWAAATOAC ATT'SAOATTG ATGGACCnTT TTOOTOT($AA AOCAGAGCA'C TCTGATAGCT 7SC 

GGGACA/5ATT CTACATTAAG GGAGGTCAAA AATACAAOTC CCCTAAAAA7 GCC7AT0TTG 640 

AAGGTGATGC CTCAAGCGCA AGCTWTTCT TGGCTOGTGC TGCAATTACT GGAGGGACTG *00 

TSAXTTGTMA AflOTTCnCGC ACCACCAOTT TGGAMGTGA TfiTaWTTT GCTGAGOTAC MO 

TGGAflATGA? (WGAGCGAAG GTTACATGGA CCGAOACTAG OTTAACTOTT ACTQOCCCAC 102C 

CCCCGGAflOC ATTTGGGAGG AAACACCTGA AflGCGATTOA TOTCAACAXG AAGAAOATOC 1010 

CTCATCTCGC CATOACTCn 9CTG70GTTG COCTCTTWC CGATOOOOCG ACAC0CA7CA 1140 

GAGACGTOQC TTCCTGGAfiA 97AAA03AOA COOMAOOAT GGTTOOSATC OMAOGM0C 1400 

TAACCAAfiC? GGOAdGATCT OTTGASWM5 GQCOQGACTA CIGOWOttC ACOCCGOCOG 1260 

ABAAMIQAA OOTaAOjtaCa ATCGACAWI AOGACOAOCA CAOQATOQCC ATCGGCTTCT 1320 

CCCTTCCCGC CrOYOCOGMB GTO CMUUTCA CCATCOGGGA OCCTGGOTOC AOOOQGAAGA 1380 

CCT7CCCCGA CTACTTCGA? GT0C7GAOGA CRTCQTGAA OftATTAATM A90GTQOQAT 1440 

ACTACCACGC A0CTTOATTG AAOTGATAfiG CTTCTGCTOA QGAAAtACAT ' WUTJTWfT 1500 

CTGrrrrrter cmcAeoGG atta aqtiii cactctotaa carrwiwr ttctaccaas i$«o 
tttctatttc ggatcttaag tttgtgcacj gtmgcgaaa rrrcArrrcA AOAc-icanc 1120 

GTTGGAATAA TAAAAATAAT AAATTAOBT? TQWTGAAAA AAAAAAAAAA AAAAAAAAAA 1*80 

AAAAAAAAAA AAAAAAAAAA AACCCGQOAA T7C 1713 

(21 INFORMATION re* $tQ ID MOl2a 

It) SEQUENCE CHARACTERISTICS! 

IAI IXHCFTH; 1)40 bata pa If* 
<B) TYFC: nuclale tela 
tC) STRWDCONCSSi daub la 
101 TOWfcOGY: Unsar 

(ill MQLCOJXJ: TYfrE: cDNA 

ivi) ORIGINAL SOURCE r 

(A| ORGAN I SK: £at Mayo 

Jfij STRAIN i Slack Kwiean Bv*«t 

(vlll zmSOIATC souses : 

(fi) CHO KE 1 pAFA-KL-716 

(IX) rEATURT? 

(A) NAME/IOY; COS 
(81 LOCATION: 6.. 133*? 

(xl) SEQUENCE 0CSCRIPTIOKI 8CQ ID HO: 2: 

CCATG OCX GGC 3CC GAG GAG ATC G7G CTG CAfl CCC ATC AA0 GAG ATC 47 
Ala Gly Al« Glu Glu Urn Val Lmu Gin Pro Il« Lyt Glu lie 

15 10 

TCC GGC ACC GTC AAA CTG OCO QGG TCC AAG TOO CTT TCC AAC 09G AtG 95 
Sar Gly Thr Val Lya Lau Pro Gly Sar Lys Sar L*u fl«r Aan Ary Xla 
IS 20 25 30 

CtC CTA CTC GOC GOC CTG TCC GAfi OQG ACA ACA Q7H GTT GAT AAC CTG 143 
Uu Lau Liu Ala Ala Lau s« r Glu Gly Thr Thr Val Val Aap Attn Lau 
35 40 43 

CTG AAC AGT SAG OAT GTC CAC TAC ATG CTC GGG GCC TTG AGG ACT CTT 191 
Lau Aan Bar Glu A*p Val Him Tyf Mmt L«u Gly Al« L«u Arg TKr L#u 



us 



431 



479 
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^ « *HD 

r/rr crrc tct rrrc ova ocn oac aaa fxrr ^cc AAA aga r CT err a err on M<> 

My Lru 3«r V.-j I Oly Aia Aup Ly* Ala Ala Ly.; Arq Ala VM V* I t, 

70 /i, 

tfv: •♦MT rx?r ooa aau to cca ctt rws oat acr aaa cao r*A 7r r. ca« 
My Cy:. OLy uiy Lyj Phe Pw VaL Olu Aap A; q l V j Glu Otu v-il Oln 
<* G 65 

£S H C ^ ^* ^ r ^ OCA ACT GCA ATfl COG CCA A« «^ GCT JJ5 
Leu Ph. Leu Gly A*n Ala Gly Thr Ala Mat Arg Pro Lag Thr Ala All 
« 100 105 xxo 

GTT ACT OCT GOT GGT GGA AAT GCA ACT TAG OTO CTT GAT QQA GTA CCA 
Val Thr Al« Ala Gly Gly Aa* AXa Thr Tyr Val LfU Aap Gly V.l Pro 
115 120 125 

AAA ATG Add (JAG AAA C0C ATT GOC GAG TTG OTT <JTC GGA TTG AAO CMS 
Arg Mat Arg Olu Arg Pre Ila Gly Uu Val Val aiy Uu Lya Gin 
150 135 

Lau Gly Ala Aap V.l AapCyiPhai.au Gly Thr Aap Cy* Pro Pro Vai 

145 150 H5 

COT GTC AAT QGA ATC GGA G6G CTA CCT GGT O0C AAG GTC AA8 CIO TCT 527 

Si ° ly U# aXy Gly Uu FrQ «y Oly Ly, Val LyS 
1*0 ICS no 

Sly Sar Ila Bar tar Gin Tyr Lau «ar Ala Uu Uu Kat Ala Ala Pro 
175 1*0 its 1W 

TTG GCT CTT GOO GAT STG GAG ATT GAA ATC ATT OAT AAA TTA ATC TCC 
Uu Ala Lau Gly Aap Val Clu II. Glu II. Ho Aap Lyw Lau Ila Mr 
*M 200 205 

ATT CCS TAC GTC GAA ATG AGA TTG AGA TTG ATG GAG COT TTT GOT OTG 671 
ZU Pro Tyr Val Glu Nat Thr Lau Arg Lau Mat Glu ZL Pho Sy Val 
210 215 220 

ff* %° Sf* I" W TCG TAC WW GGA GOT 719 

Lya Ala Glu Hia s*r Asp Sar Trp Aap Arg Ph« Tyr II. Ly* Gly Gly 
225 2J0 235 

JJ* OCT AAA AAT GOC TAT GTT GAA GGT GAT GOC TCA 767 

ul Yf Ly * *' r Pro jJJ Tyr VaX 0Xu fll * **p 

AGC GCA AGC TAT TTC TTG GCT GGT OCT GCA ATT ACT <93A GGG ACT GTG 
3*r Ala Sar Tyr Ph* Lau Alt Gly Ala Ala Ila Thr Gly Gly Thr Val 
235 260 265 J7 0 



623 



B15 



863 



2? S T ? T<W 600 m m ™ <^ GOT OAT GTG AAG TTT 

Thr Val Glu Gly Cya Gly Thr Thr Sar Uu Gin Gly A^> Val Ly. Pha 
275 210 265 

?F Sf 0 CT8 W m Ma 005 m ™» ACC QAO ACT 
Ala Glu Val uu Glu xvt Hat Gly Aia Ly* Val Thr Trp Thr Glu Thr 

2»5 300 

AGC GTA ACT GTT ACT GOC OCA OCG COG GAG CCA TTT GGG AGG AAA CAC oto 
Str V.l Thr val Thr Gly Pro Pro Arc; Glu Pro Ph* flly Arg Lya Hit 
30a 310 315 

^^^^f*^^ WWWAMOT8W<W <rcATC 1007 
320 A£ Mot Aan Lyw Mat Pro Aap Val Ala Mat 

ACT CTT OCT OJTO GTT GOC CTC TTT GOC GAT GOC CCS AC* GOC ATC AOA iflfift 
Thr Uu Al. Val Val Ala Uu tho Ala A*p Gly Pro ?S aU S a^J 
335 3 <0 345 3i 2 

Aap Val Ala Sar Trp Arg Val Lya Glu Thr Glu Arg Mat Val Ala Ila 
355 3iO 365 
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J'O J?*j juo 

TIC. TCC ATC ATC ACO' CCH COT? OAO AAT, CTO AAC GTG ACS OC'S ATC OAC U99 
Tyr Cy:; rKt lie Thr Pro Ptfo filu Ly* Lmu A*n Vji Thr AU U* Aai> 
JB'i 3-jO 

AC*; 7*C r^AC CA- CAC AOfi ATO OCC Af; GCC TTC TCC CTT TCC TRT 1^*> 
Tyr A*ip A>p HU Arg M*r. Ala Hut Alt Pho S«r U-u AU Alt Cyt 
<OU 40*3 <10 

sec GAG arc CCC GTC acc ATC aoa gac cct ggo tgc acc OGC AAC ACC 1295 
AU Glu Vel Pro Vtl Thr lit Arg A*p Pro Gly Cya Thr Arc Lys Thr 
«« <20 425 430 

TTC COC GAC TAG TTC GAT GTO CTG AGC ACT TTC GTC AAC AAT 1337 
Pha Pro A4p Tyr Pha A#p V«l U>u Str Thr Pha Val Lya Am 
OS 440 



TAA 
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(21 INFORMATION TOR 8EQ ZD MO: 3: 

til SEQUENCE CHARACTERISTICS; 

(A) LEMS TH: 444 ftMina aoldo 
(Bl TYfCt atdno void 
ID) TOPOLOGY: linear 

(11) MOLECULE TTFE: protaln 

1*1] SEQUENCE OESCRIPTIOtU SEC ID NO: 3; 

Alt Gly Alt Qlu Glu lit Vil Lau Gin Pro Ila Lya Glu lit Sar Q\y 

1 5 10 IS 

Thr V*l Lya Uu Pro oiy 8tr Lya Sar Uu Sor Ami Arg lit Ltu Lau 
20 25 ao 

Lou All Al» Uu Sar Qlu Gly Thr Thr VeI Vil Aap Am Uu Uu Aan 
34 40 43 

Sir Glu Aap Vti Hia Tyr Mat Uu Gly Ala Uu Arg Thr Uu Gly Lau 
50 55 SO 

Sar Val Glu Ala Aap Lya Ala Ala Lyi Arg Alt Val val Vtl oiy Cya 
«5 70 75 «0 

Gly Gly Lya Pha Pro Val Glu Aap Ala Lya Qlu Glu Vml Gin Lau Pha 
85 90 95 

Lau Gly Aan Ala Gly Thr Ala Mat Arg Pro Lau Thr All Ala val Thr 

100 105 no 

Ala Alt 01y Gly Aan Ala Thr Tyr Val Uu Aap Gly vn pre Arg Mat 
U5 120 125 

Arg Glu Arg Pro lit Gly Aap Lau Val Val Gly Lau Lya Gin Lau Gly 
130 135 140 

Ala Aap Val Aap Cya Pha Lau Gly Thr Aap Cya Pro Pro Val Arg Val 
"A 150 155 1*0 

Aan Gly Ila Gly Gly Uu Pro Gly Gly Lya Val Lya Uu tar Gly Bar 
If* 1T0 i?i 

Ila Sar Sar Gin Tyr Uu Sar Ala Lau Uu Mat Ala Ala pro Uu Ala 
ISO 1SS iso 

Lau Gly Aap Val Glu Ila Glu Ila ria Aap Lya Uu Ila Sar II. Pro 
1»* 200 205 

Tyr Vil Glu Nat Thr Uu Arg Uu Hat Glu Arg Pha Gly Val Lya Ala 
2" 215 220 

Glu Hie Sar Aap sar Trp Aap Arg Pha tyr Ila Lya Gly Gly Gin Lya 
230 295 240 

Tyr Lya Str Pro Lya Aan Alt Tyr Val Glu Gly Aap Ala Sar Sar Ala 
245 250 255 
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Tyr Pm- Uru Al.i <Uy Al.i Ai* Urn Thr nty OLy Thr Va I fhr V*l 
IhO 

'Jl-i «Uy C/r My the Thr S.-r u»u Gin Gly Atfp Val Ly.j Pho Al« Glu 
Vs 2>i0 

1! OLj Mut Nrt Giy Ala lye Vtl Tr>r Trp thr Ot'j Thr 3ur V* I 

: n <j en jou 

Tnf Vni Thr *Uy Ptfu Pro Ar? Glu Pro Pha Gly Arg lys HI* l*u Ly* 
30V 310 315 320 

Alt llm Asp Vfl Atn Net A*n Lyt Nat Pro A#p Vtl Ala Mar Thr L«u 

325 330 33$ 

Ala Val Val Alt Ltu Pha Ala Atp Gly Pro Thr Ail lit Arg Atp Vtl 
940 345 350 

Ala Bnc Trp Arg val Lyt Glu Thr alu Arg Mat Val Alt 21* Arc Thr 
3SS 340 3*3 

Glu Ltu Thr Ly« Ltu Gly Alt Str Vtl Glu Glu Gly Pro Atp Tyr cya 
3*0 375 300 

lit lit Thr Pro Pro Glu Lyt Ltu Atn vtl Thr Alt ll» Atp Thr Tyr 
3*5 390 39s 400 

Atp Atp Hit Arg Hot Alt Hit Alt Pht Str L-u Alt Alt Cy» Alt Glu 

405 410 415 

Val Pro Vtl Thr il« Arg Atp Pro Gly Cyt thr Arg Lyt Thr Pht Pro 
420 425 430 

Atp Tyr Pht Atp Vtl Uu Str Thr Pht Vtl Ly* Atn 
43* 440 

iZ) X*rOftKATION FOR 6CQ ID N0x4: 

(11 SCQUEMGX CHARACTERISTICS 1 

(A) LEHOTHt 1340 faa«t pair* 
(BJ TTPEj nueltlc told 
[Cl STRWDBDNESS: double 
CDI TOPOLOGY: llhtir 

till HQUXUIX TYPE: CONA 

(vl] ORIGINAL SOURCE; 

(A) ORGANISM: Itt ray* 

IB) STRAIN; Bite* Nexlctrt 8w*tt 

fviil INMEOIATX 80UROC: 

(B) CLONE; pRPA-ML-720 

tlx) FtATUREi 

IAI MAME/KEY* CDS 
(B) LOCATION: 6.. 1337 



IXl) SEQUENCE DESCRIPTION: 8£Q ID MOW; 

CCATG GCC GGC OCC CAfi GAG ATC GTG CTG GAG CSC ATC AAG GAS ATC 4? 
Alt Gly Alt Glu Glu lit Vtl Ltu Oln Pro lit Lyt Glu lit 

1 S 10 

TCC GGC ACC QTC AAG CTG CCB GGG TCC AAG TOG CTT TOC AAC CGG ATC » 
9or Gly Thr Vtl Lyt Ltu Pro Gly Str Lyt for Ltu Str Atn Arg lit 
« 20 zs 30 

CTC CTA CTC GOC GCC OTO TOC GAG GOG AC* ACA GTG GTT GAT AAC CTG 143 
Lou Ltu Ltu Alt Alt Ltu Sar Glu Gly Thr Thr Vtl Val At? Atn Ltu 
35 40 45 

CTO AAC ACT GAG GAT 6TC CAC TAC ATG CTC GGG GOC TTG AGG ACT CTT 191 
Ltu Asn Str Glu Asp Vtl Hit Tyr Hot Ltu Gly Al« L*u Arg thr Ltu 
30 55 450 

GOT CTC TCT GTC GAA COG GAC AAA OCT GOC AAA AAA OCT OTA GTT GTT 2)9 
Gly Ltu Str Vtl Glu Alt Atp Lyo Alt Alt Lyt Arg Alt Vtl Vtl Vtl 

« 70 75 
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oio t':t art fV*.A aa<: ttc sca crrr *vu; oat f:ct aaa w, aaa w» cats 2a*» 

,iiy cyj (Uv <Uy Ly- ^Ti* 1 Pf' 3 V4i AAl L V- ( ' lu ' ;lu v ' 11 010 

.10 AS *0 

'Tf: rrc ttm fnv> aat ficr atc rx» At'i cy; fx: rr'i aoa ''.ca oct jjs 
: *-j t>h» Lou «i i y A- " AUt oiy ti- am N»r Arc? Sec u rr«r Al t AU 
nit] to 1 ) no 

orr act tier fxrr tm goa aat oca act tag <rro err oat oga oca CCA 38 J 

V*l Tnr Ai« Ala Ciy Oiy A*m Ala Thr Tyr Val U)U Aap Oly Vat Pro 

i:o ^ 5 

A3A ATO AGO GM AGA CCC ATT GOC *1M TTO OTT OTC OOA TTO AM CM 431 
Arg Met Arg Glu Arg fro lie Oly Aap Lau Val Val illy Lau Lya alft 
130 13S 140 

CTT GGT OCA GAT GTT OAT TOT TTC CTT OOC ACT OM TOC CCA OCT OTT 479 
t«U Oly Ala Aap Val Aap Cya Pha Lau Oly Thr Aap Cya Pro Pro Vtl 
145 130 156 

COT OTC AAT OOA ATC OOA 000 CIA OCT OOT GOC AAA OTC AM CTO TCT 527 
Arg Val Aan oly lit oly oly Lau Fro aly Oly Lya Val Lya Lau 8ar 
KO ltt 170 

OOC TCC ATC AflC A8T CM TM TTO Aflt GOC TTO CTO ATO OCT OCT CCf 575 
OJy Smt Ila 8ar Sar Oln Tyr Lau Sar Ala Lau Lau Mat Ala Ala fro 
175 ISO 115 1W 

TTO GCT CTT GOO QAT IRQ GM ATT QAA ATC ATT SAT AAA TTA ATC TCC 023 
Lau Ala Uu Oly Asp Val Glu Xla Olu lis Xlo Aap Lys Uu Ilo 8sr 
m 200 205 

ATT COO TAB OTC QAA ATO ACA TTG ASA TTO ATO GAG OOT TTT OUT CTO «71 
n» Pro Tyr Val Olu Mat Thr Lau Arg Uu Mat Olu Arg Phi Oly Val 
210 215 220 

AAA OCA OAS CAT TCT OAT AflC TOO OM AOA TTC TAC ATT AAA OOA OOT 719 
Lyn Ala Olu His flar Aap Sar Trp Asp Arg Pht Tyr 11a Ly» Oly Oly 
225 230 235 

CAA AAA TAC AAA TCC CCT AAA AAT OCC TAT OTT OAA GOT OAT OCC TCA 761 
Gin Lya Tyr Lya 8a r Pro Lya Aaft Ali Tyr Val Olu Oly Aap Alt 8tr 
240 24S 250 

AOC OCA AOC TAT TTC TTO OCT OOT SCT OCA ATT ACT GGA GGG ACT OTC 815 
Sar Ala Sar Tyr Pha Lau Ala Oly Alt Alt Xlo Thr Oly Oly Thr Vtl 
255 *«0 265 270 

ACT 0T0 OAA OOT TOT OOC ADC ACC A3T TTO CM OOT GAT STG AAS TTT 883 
Thr Val Olu Oly Cys Oly Thr Thr 8tr L«u Oln Oly Asp Val Ly» Pha 
275 280 285 

OCT QAfl OTA CTO OAfl ATO ATO OOA OCO AAO OTT ACA TOO ACC 0A0 ACT 911 
Alt Olu Val Lau Olu Mat Mat; Oly Ala Lya Vtl Thr Trp Thr Olu Thr 
210 295 300 

AOC OTA ACT OTT ACT OOC CCA CCB GBO OAO CCA TTT 000 AAO AAA CM «9 
8«r Val Thr Vtl Thr Oly Pro Pro Arg olu Pro Pha Oly Arg Lya Kla 
305 310 315 

CTC AM OCO ATT OAT <HC AM ATO AM AM ATO CCT OAT OTC OCC ATO 1007 
Lau Lya Ala Ha Aap Val Aan Mat Atn Lya Mat Pro Aap Val Ala Mat 
320 325 330 

ACT CTT OCT 0T0 CTTT OCC CTC TTT OCC OAT OOC CCD ACA OCC ATC ABA 1055 
Thr Lau Ala Val Val Ala Lau Pha Ala Aap Oly Pro Thr Ala lia Arg 
335 340 345 350 

<&AC ATO OCT TOC TOO AflA OTA AAO OM AOC GM MQ ATO OTT 000 ATC 1103 
Aap Vtl Alt Sar Trp Arg Vtl Lya Olu Thr Olu Arg Mat Val Alt Zla 
355 3<0 3<& 

COO AOS OM CTA AOC AM CTO OOA OCA TCT OTT OM OAA 606 CCS OM 1151 
Arg Thr Olu Lau Thr Lya Lau Oly Ala Oar Val Olu Olu Oly Pro Aap 
370 375 3M 

TAC TOC ATC ATC AOS 000 OCO QM AM CTO AAC OTO AOB OCO ATC OM US* 
Tyr Cya Xla Ila Thr Pro Pro Olu Ly» Lau Aan Vtl Thr Ala Xla Aap 
385 390 395 



35 



ACT TAC ^V\C 'JAC CAC *W A*fn fjCH AT^ f)CC TTC TCC CTT CCC OCC TOT 
Tnr T/f A»p h|.< Arg H*jr, Ala Met Ala Phtf 3er Lau Ala Aid Cy» 
tOO tO\t 410 



TAA 



[2J INFORMATION FOR 8EQ 10 NO; 5: 

(11 3B0USMCC CHARACTERISTICS: 

(A) IXKGTH: 444 aadno a*4*j* 
(ft) TYPE: atUrvo add 
(0) TOPOLOGY: linaar 

(ill KOUCULC TYPES pro tain 

Ixil SEQUENCE DESCRIPTION: SEQ 10 MO: 5: 

Ala Gly Ala Glu OlU Ila V«l Uu Gin Pro Xla Lya Glu Ila far Gly 

1 * 10 15 

thr Val Ly* Uu Pro Gly sar Lya Sar Uu flar Aan Arg 11a Uu Uu 
20 2» so 

Uu Ala Ala Uu Bar Glu Gly Thr Thr Val Val Aap A*n Uu Uu Aan 
3$ 40 45 

Bar Olu Asp Val His Tyr Mat Uu Gly Ala Uu Arg Thr Uu Gly Uu 
SO i& 40 

sar Val Glu Ala Aap Lya Ala Ala Lya Ary Ala Val V.l Val Gly Cya 

70 75 80 

Gly Gly Lya Pha Pro Val Glu Asp Ala Lya Glu Glu Val Gin Uu Pha 
SS 90 IS 

L*u Gly Aan Ala Gly Ha Ala Hat Arg- Sar Uu Thr Ala Ala Val Thr 
100 105 no 

Ala AIb Gly Gly Aan Alt Thr Tyr Val Uu Aap Gly Val Pro Are Nat 

115 izo 125 

Arg Glu Arg Pro Ha Gly Aap Uu Val Val Gly Uu Lya Gin Lau Gly 
130 1J5 140 

Ala Aap Val Aap Cy* Pha Uu Gly Thr Aap Cya Pro Pro Val Arg Val 
1«* 150 15S 1*0 

Aan Gly zi« cly Gly Uu Pro Gly Gly Lya Val Lya Uu Sar Sly Sar 
1«5 170 175 

Ila flar Sar Gin Tyr Uu Sar Ala Uu Uu Mat Ala Ala Pro Uu Ala 
ISO 1SS ISO 

Lau Gly Aap Val Glu 11a Glu Zla 21a Aap Lya Lau II. Sar Ha Pro 
1>S 200 293 

Tyr Val Glu Met Thr Uu Arg Uu Mot Glu Arg Pha Gly Val Lya Ala 
210 215 220 

Glu Hi ■ Sar Aap Gar Trp Aap Arg Pha Tyr 11a Lya Gly Gly Gin Lya 
* 2S 230 235 240 

Tyr Lya Sar Pro Lya Aw Ala Tyr Val Glu Gly Aap Ala Sar Sar Ala 
245 250 255 

Sar Tyr Pha Uu Ala Gly Ala Ala Zla Thr Gly Gly Thr Val Thr Val 
2*0 2(5 170 

Glu Gly Cya Gly Thr Thr Sar Uu Gin Gly Aap Val Lym Pha Ala Glu 
275 2*0 2SS 
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r:c m . w, r iVZ frrc ^ ATC GAC w Tr . c xcc Uin mc aoc 
An .;iu v.il Pro vii Thr lie Arg A.-p Prj r,iy c yd Thr Arj Lya Tnr 
HQ Mt3 uo 

rrc ccc sac tac ttc gat ctg ctg mc act ttc ore aag aat ijji 
Phe pro Aap Tyr Pha Aap v«l Uu S«r Thr Pha Val Lya Asn 

AJb 440 
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V.il U«u Glu Hi*f. Mcr C!ly Ala Ly* Va1 ' fhf Tr P Thr fillJ Thr Smr Val 
2i0 2*> f i 300 

thr V-i i Thr 01 y t'r^ Pro Ari QLu Pro Pho C\y An Ly- Hia t-ya 
JO't J10 31S J20 

All Ilr 'n! Aiiri M«t Aan Lyo Hvt Pcj A*p v.t L A La M*t thr L*U 

J21 -00 

Ala VaL Vai Ala Leu »ha Aim Asp Gly fro Thr Aii £1* Acq Asp Vil 

J4 0 34 A 350 

Ala Sar Trp Artg Val Ly« 01\j Thr Glu Ax? Mat Val Ala lis Arg Thr 
3Si 340 3«3 

Glu Lau Thr Lya Lau Gly Ma 8«r V»i Glu Glu Gly Pro Asp Tyr Cys 
370 37S 310 

lis II* Thr Pro Pro Glu Ly* Leu Asn Vil Thr Ala lit Asp Thr Tyr 
315 390 395 400 

Asp Asp Kit Are; Kat Ala Mat Ala Pha Sar Lau Ala All Cya Ala Glu 

4 OS 410 413 

Val Pro Val Thr XI* Arg Asp pro Gly Cya Thr Arg Lys Thr Pha Pro 

420 425 430 

Asp Tyr Pha Asp Val Lau *mt Thr Pha Val Lys Asn 
435 440 



CLAIMS 

1. DNA gene coding for a mutated 

5 -enolpyruvylshikimate- 3 -phosphate synthase (EPSPS) , 
characterised in that it comprises at leaet one 
threonine 102 -* isoleucine substitution. 

2. DNA gene according to claim 1, 
characterized in that it comprises, in addition, at 
least a second imitation in the EPSPS, different from 
the first mutation. 

3 . DNA gene according to claim 2 , 
characterised is that it comprises/ in addition, a 
mutation consisting of a substitution of proline 106 by 
serine. 

4* DMA gene according to claim 2, 
characterized in that it comprises/ in addition, a 
mutation consisting of a substitution of glycine 101 by 
alanine. 

5. DNA gene according to one of claims 1 to 
4, characterised in that it is of bacterial origin. 

6. DNA gene according to claim 5, 
characterized in that it originates from a bacterium of 
the genus Salmonella typhimurium. 

7. DNA gene according to one of claims 1 to 
4, characterised in that it is of plant origin* 

8. DNA gene according to claim 7, 
characterised in that it is of maize origin. 

9. Mutated SPSPS protein, characterized in 
that it comprises at least one substitution of 



threonine 102 by iaoleucine. 

10. Chimeric gene comprising a coding 
sequence as well ae regulatory elements at positions 5' 
and 3' which are heterologous and capable of 

5 functioning in plants, characterized in that it 

comprises as coding sequence at least one sequence 
according to one of claims 1 to 8. 

11. Chimeric gene according to claim 9, 
characterized in that it comprises a plant virus 

10 promoter. 

12. Chimeric gene, according to claim 10, 
characterized in that it comprises a plant promoter 
(e.g. a- tubulin, his tone, lntrons, actin, etc.}. 

13. Vector for the transformation of plants, 
15 characterized in that it comprises at least one gene 

according to one of claims 10 to 12* 

14. Plant cell, characterized in that it 
comprises at least one gene according to one of claims 
10 to 12. 

20 15. Plant, characterized in that it is 

obtained by regeneration from a cell according to claim 
14. 

16. Method for the production of plants with 
improved tolerance to a herbicide having EPSP synthase 
25 as its target, characterized in that plant cells or 
protoplasts are transformed with a gene according to 
one of claims 1 to 8, and in that the transformed cells 
are subjected to a regeneration. 



3d 

17* Method of treatment of plants with a 
herbicide having BP8PS a» its target, characterized in 
that the herbicide ie applied to plants according to 
claim 15. 

5 16. Method according to claim 17, 

characterized in that glypbosate or a glyphosate 
precursor is applied. 
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